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BRISTOL BAY SOCKEYE SALMON SMOLT STUDIES 

ABSTRACT 

Smol t p r o j e c t s  were conducted on t h r e e  B r i s t o l  Bay r i v e r s  i n  1979. Est imates 
o f  o u t m i g r a t i o n  sockeye salmon smol t  were 52.6 m i l l i o n  f rom Kvichak, 66.0 m i l l i o n  
f rom t h e  Wood, and 1.3 m i l l  i o n  f rom t h e  Snake R i v e r  system. Age composi t ion was 
51% Age I and 49% Age I 1  smol t  f rom t h e  Kvichak, 92% Age I and 8% Age I 1  from 
t h e  Wood, and 92% Age I and 8% Age I 1  from t h e  Snake R i ve r .  

INTRODUCTION 

Th i s  Technica l  Data Report  represen ts  a  c o n t i n u a t i o n  i n  t h e  documentation o f  
sockeye salmon da ta  c o l l e c t e d  f rom va r i ous  B r i s t o l  Bay r i v e r  systems. I n  1979, 
smol t  p r o j e c t s  were conducted on t h r e e  systems, Kvichak, Wood, and Snake. 
Sonar biomass counters  were used t o  es t ima te  smol t  abundance on t h e  Kvichak and 
Wood R ivers  w h i l e  a  f y k e  n e t  program was used on t h e  Snake R i ve r .  Length and 
we igh t  da ta  were c o l l e c t e d  f rom each age c l a s s  o f  smo l t  on each of  t h e  t h r e e  
r i v e r s  sampled. I n f e c t i o n  r a t e  by T. crassus was documented f o r  smo l t  emi- 
g r a t i n g  down the  Wood R i v e r  and c l  i ~ a t o l o g i c a l  da ta  a r e  presented f o r  each 
smol t  s i t e .  

Smolt da ta  i s  used t o  f o r e c a s t  r e t u r n s  o f  a d u l t s  and t o  a s s i s t  i n  e s t a b l i s h i n g  
optimum escapement l e v e l s .  These da ta  a r e  a l s o  used i n  assessing t h e  e f f e c t s  
o f  salmon r e h a b i l i t a t i o n  and enhancement p r o j e c t s  l o c a t e d  i n  t h e  Wood and 
Snake R i ve r  systems. 

1979 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Henry J. Yuen 
Alaska Department o f  F i s h  and Game 

D i v i s i o n  o f  Commercial F i s h e r i e s  
Anchorage, A1 aska 

INTRODUCTION 

Data on age composit ion, s i ze ,  and numbers o f  Kvichak R i v e r  sockeye salmon 
(Oncorhynchus nerka) smol t  m i g r a t i n g  t o  sea a r e  used i n  f o r e c a s t i n g  t h e  age 
composi t ion a n d b e r s  o f  subsequent a d u l t  r e t u r n s  t o  t he  Naknak/Kvichak 
f i s h e r y .  To ta l  smol t  ou tm ig ra t i on  es t imates  f rom sonar enumeration began i n  
1971, r e p l a c i n g  ou tm ig ra t i on  i n d i c e s  f rom f y k e  n e t  catches (Russe l l  1972; 
Paulus and McCurdy 1972; Parker  1974a and 1974b). C o l l e c t i o n  o f  smol t age and 
s i z e  da ta  as w e l l  as sonar enumeration o f  em ig ra t i ng  Kvichak R i ve r  smol t  con- 
t i n u e d  i n  1979. 



METHODS AND MATERIALS 

Ins ta l l a t ion  and operation of the sonar counting system was s imi lar  t o  t h a t  of 
1976 with the  few changes noted below (Randall 1977). The system consisted of 
three  3.2 m p l a s t i c  ladder assemblies, o r  a r rays ,  each holding 14 sonar t rans-  
ducers. Each transducer had 100 m of e lec t ron ic  cable. The transducers were 
attached t o  the  ar rays  and t h e i r  cables gathered together in to  three  separate 
bundles which were connected t o  a s ing le  control un i t  housed i n  a t e n t  on the 
riverbank, where the  e n t i r e  system was monitored. Each array was independently 
anchored . 
The sonar system functioned a s  a biomass counter and was designed t o  r eg i s t e r  
one count f o r  the biomass equivalent t o  10 m o l t  passing over the sonar gear 
(Krasnowski 1975). The system was monitored 24 hours per day. Every 15 min 
counts were e lec t ron ica l ly  to ta led fo r  each array and recorded on paper tape. 
Total counts were mult ipl ied by 10 f i s h  per count t o  est imate numbers of smolt 
passing over the three  arrays .  

Known f a l s e  counts caused by wind, r a i n ,  snow, boats, e t c .  were subtracted from 
the counts printed on the  paper tape. The normal procedure, however, was t o  
d isable  the en t i  r e  system when a known source of fa1 s e  counts appeared, e .g . ,  
boat, i c e ,  e t c .  Counts during missed time were estimated by l i nea r  in terpola t ion.  
The control un i t  printed out the  number of seconds the  system was disabled.  

Each array sonified a section of the r i v e r  approximately 3.7 m across.  The 
counts from each array were expanded t o  est imate the number of smolt outmigrating 
in sect ions  of the r i ve r  not covered by the  sonar gear. The width of the r i v e r  
a t  the sonar s i t e  changes with r i v e r  discharge. In 1979 the  r i v e r  was 94 m 
wide w i t h  about 4 m on the west bank and 12 m on the  e a s t  bank estimated not t o  
be u t i l i z ed  by smolt. Figure 1 i l l u s t r a t e s  the posit ion of the  ar rays  in the 
remaining 78 m .  The t o t a l  da i ly  counts were expanded t o  est imate the  t o t a l  
da i ly  outmigration based on the l a t e r a l  d i s t r ibu t ion  of sonar counts over the  
three  sonar ar rays .  These expansion f ac to r s  were 0.91, 1.02, and 1.05 f o r  the 
western, center ,  and eastern sec to r ,  respect ively .  

The counting r a t e  of the  system was adjusted each season depending on r i v e r  
veloci ty .  Water ve loc i t i e s  were measured with a Gurley meter over each array 
mid season. Since the  control un i t  was i n i t i a l l y  s e t  f o r  5.40 fps ,  l i nea r  
adjustments in the sonar counts had t o  be made f o r  the  differences in actual 
r i ve r  veloci ty  over a l l  the  ar rays .  Average ve loc i t i e s  as measured on 2 May 
were 4.94, 5.50, and 5.68 fps  over the  inshore, center ,  and offshore ar ray,  
respectively.  A sample of a completed da i ly  outmigration est imate w i t h  the 
adjustments f o r  d isable  time, veloci ty  d i f ferences ,  expansion fo r  unsonified 
areas ,  e t c .  was presented by Randal 1 (1 977). 

Samples from fyke net  catches were used t o  determine mean lengths,  weights, and 
age composition of the outmigrating smolt. A standard 1.2 x 1 .2  m fyke net  was 
fished i n  about 1.2 m of water in  approximately the  same location as  the  index 
s i t e  of previous years.  Thirty smolt were col lec ted f o r  age, length,  and weight 
data a t  0600, 1200, 1800, and 2400 hour da i ly .  Because the estimated age pro- 
portion was 60% Age I1  and 40% Age I ,  the smol t age samples were pooled in to  
sample s i z e s  of 200 f i s h  o r  more which allowed detection of a 7% change i n  the 
age composition a t  the 95% confidence 1 imit (Snedecor and Cochran 1967). As a 
r e s u l t  there  were four sample periods between 3 t o  10 days each. Estimated 
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Figure 1.  River bottom p r o f i l e  a t  sonar s i t e ,  l oca t ion  of a r r a y s ,  and est imated l a t e r a l  smolt d i s t r i b u t i o n  
Kvi cha k R i  ver  , 1 979. 



age composi t ion o f  t h e  t o t a l  ou tm ig ra t i on  was weighted by t h e  ou tm ig ra t i on  
es t imate  o f  each o f  t h e  f o u r  sample pe r i ods .  Length and we igh t  da ta  were n o t  
pooled because o f  s i g n i f i c a n t  d i f f e rences  between samples as few as one day 
apa r t .  Est imated mean l e n g t h  and we igh t  f o r  t he  e n t i r e  o u t m i g r a t i o n  was 
ob ta ined  by summing t he  d a i l y  mean l eng ths  and weights ,  each weighted by t he  
corresponding d a i l y  o u t m i g r a t i o n  es t imate .  

RESULTS 

C l  i m a t o l o g i c a l  and Hydro1 o g i c a l  Observat ions 

Weather and r i v e r  c o n d i t i o n s  were recorded a t  t h e  sonar s i t e  f rom 17 May through 
11 June (Table 1 ) .  A i r  and water  temperatures were recorded o n l y  i n  June and 
t h e  warmest a i r  temperature was recorded on 8  June. The average a i r  and water  
temperatures d u r i n g  t h e  10-day sampl ing p e r i o d  were 11.2 and 8.6' C, r e s p e c t i v e l y .  
There was i c e  above, b u t  none a t  t h e  sonar s i t e  i n  1979. Water l e v e l s  were 
h i ghe r  than i n  1978. 

Outmig ra t ion  Est imate 

Over 1  m i l  1  i o n  smol t had been counted when t h e  s tudy  ended on 10 June (Tab le  2 ) .  
Th i s  number gave an expanded count o f  over  52.6 m i l l i o n  smo l t  (Tab le  3 ) .  The 
peak o f  t h e  ou tm ig ra t i on  occur red  between 25 and 26 May. The m a j o r i t y  o f  t h e  
smol t  counted d u r i n g  t h e  p r o j e c t ,  i .e . ,  26.6 m i l l i o n ,  were Age I smol t  f rom t h e  
1977 escapement o f  1.3 m i l l i o n  spawners (Table 4 ) .  The remain ing 26.0 m i l l i o n  
Age II smol t  were t h e  progeny o f  2.0 m i l l i o n  a d u l t s  spawning i n  1976. The 26.0 
mi 11 i o n  Age I I smol t added t o  31 .3 mi 11 i o n  Age I smol t t h a t  emigrated 1  a s t  yea r  
equal a  t o t a l  smo l t  p roduc t i on  r a t e  o f  27 pe r  spawner f rom t h e  1976 brood yea r  
(Tab1 e  4 ) .  

Age-Weight-Length 

A t o t a l  o f  896 smo l t  were measured t o  determine mean weight ,  l eng th ,  and age. 
D a i l y  mean weights  and l eng ths  a r e  presented i n  Tab le  5. The es t imated  age 
composi t ion o f  t h e  t o t a l  o u t m i g r a t i o n  was 50.60% Age I and 49.40% Age I1 smol t .  

Mean weights  were 6.0 g  f o r  Age I smol t  (20 yr  mean = 6.0 g) and 10.3 g  f o r  Age 
II smol t  (20 y r  mean = 11.1 g ) .  Mean l eng ths  were 89.6 mrn f o r  Age I smol t  (23 
y r  mean = 88.7 mm) and 108.9 mm f o r  Age I I smol t (22  y r  mean = 109.8 mm) . The 
1979 smo l t  were sma l l e r  than those produced f rom o t h e r  peak -1 year  cyc les .  
Table 6  p rov ides  smol t  age composit ion, weight ,  and l e n g t h  da ta  f o r  t h e  years 
1955 th rough 1979. 



Table 1 .  Climatological and stream observations, Kvichak River, 17 May t o  11 June 1979. 

1 I 

SKY - -  WIND (MPH) DIRECTION AIR TEMP WATER TEMP PRECIP WATER LEVEL ' TURBIDITY 
CENTIGRADE 

DATE 0800 2000 0800 2000 MIN. MAX ( INCHES)  FEET 

May 17 

1 8  

13 

20 

21 

2 2 

2 3 

24 

2 5 

26 

27 

2 8 

29 

3 0 

31 

June 1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

3 3 l5NE 

3 5NE 

3 5s 

4 5NE 

2 1 O N E  

2 4 

4 2 5NE 

2 2 Calm 

3 1 5NE 

1 Calm 

1 1 Calm 

1 1 5NE 

1 4 15NE 

3 

4 5N E 

3 2 15NE 

3 2 lONE 

3 3 15NE 

3 .' 2 5N E 

3 3 Calm 

4 3 5E 

3 4 5NE 

2 

1 4 l0SW 

4 4 5SW 

4 70SW 

1 O N E  

Calm 

5s 

Calm 

5E 

Calm 

Calm 

Calm 

Calm 

Calm 

15NE 

Calm 

25NE 

1 ONE 

1 ONE 

5NE 

5s 

Calm 

1 ONE 

Calm 

1 OSW 

25SW 

I /  depth of inshore half  of center  ar ray - 

sky code: precipi ta t ion code: tu rb id i ty  code: 
1 .  cloud cover l e s s  t h a n  1/10 of sky 0. none 1. c lea r  
2.  cloud cover l e s s  than 1/2 of sky A. in termit tent  r a in  2 .  l i g h t  brown 
3. cloud cover more than 1 / 2  of sky B.  continuous ra in  
4. compl e t e l y  overcast 



Table 2. Kvichak River sockeye salmon smol t counts by a r r a y ,  l e s s  
f a l s e  counts ,  plus in t e rpo la t ion  f o r  missed time, 1979. 

Date Inshore Center Offshore Total 

1 / May 16 - 
17 

2 5 60,668 71,188 21,449 153,305 
2 6 72,298 76,506 1,496 1 50,300 
27 13,656 18,088 17,900 49,644 
2 8 20,620 20,086 31,828 72,534 
2 9 1,912 1,757 8,651 12,320 
3 0 13,281 15,054 34,866 63,201 
3 1 11,389 12,634 11,989 36,012 

June 1 6,023 6,988 9,174 22,185 
2 366 1,091 2,319 3,776 
3 2,391 1,124 5,134 8,649 
4 6,886 7,585 7,261 21,732 
5 6,983 9,030 4,549 20,472 
6 3,965 3,175 4,671 11,811 
7 2,066 1,711 7,324 11,101 
8 1,929 4,290 3,661 9,880 
9 71 8 935 1,124 2,777 

10 2,794 3,292 4,816 10,902 

TOTAL 318,366 352,358 338,081 1,008,805 
Percent of  
Total ,316 .349 .335 100 

11  12 hours only ,  from 0001 t o  1200 17 May. - 



Table 3. Daily smolt outmigration estimate, by age class with percent 
age composi t i  on, and accumulated to t a l s ,  Kvichak River, 1979. 

------------------------------------------------------------------------------------- 
DATE AGE I X ACCUW AGE !I X ACCUH TOTAL ACCUil ------------------------------------------------------------------------------------- 

76 May 62320 0.29 42320 151913 0.71 151913 214234 21 4234 
'i 7 360336 0.29 422656 878358 0.71 I030271 1238695 1452929 
18 53054 0.27 475710 129125 0.71 1159596 182380 1635309 
f 9 303655 0.29 779365 740194 0.71 f 899780 1043850 26791 55' 
20 57771 0.29 837136 140824 0.7t 204061 4 198586 2877755 
2 1 1 1  40890 0.29 1978026 2781 042 0.71 4821 656 3921 933 6799688 
2 2 1071794 0.29 3043820 2612614 0.71 7434270 35Br409 10489097 
23 292504 0.29 3342324 713012 0.71 8147282 1005517 11489614 
24 2035529 0.29 5377853 4961620 0.71 131 091 02 6977350 18486964 
25 4282538 0.56 9660391 341 1566 0.44 16520668 7694105 26181069 
26 4203426 0.56 1386381 7 3348543 0.44 19869211 7551 970 3373303P 
2 7 1446156 0.56 15309973 1152040 0.44 21021251 2598197 34331236 
28 2132658 0.56 17442641 1698931 0.44 22720182 3831599 40162935 
2 9 533899 0.78 17976540 147529 0.22 22867711 681429 40844264 
3 0 2673432 0.78 20699972 738733 0.22 23606444 34 12 16d 44256430 
3 1 t 465234 0.78 221 15206 404879 0.22 2401 1323 18701 14 46126544 

t June 812379 0.69 22927585 357t 85 0.31 24366508 i 169565 97296109 
2 144288 0.63 23071873 43440 0.31 24431948 207729 475C3838 
3 323777 0 - 6 9  23395850 t 42445 0.31 24574393 466423 47970261 
4 783965 0.69 24179815 344692 0.31 24919085 1128658 49098919 
5 726111 0.69 24905926 319255 0.31 25238340 1045367 50144286 
6 428713 0.69 25334633 188495 0.31 25426835 &I7203 50761495 
7 422986 0.69 25757627 185978 0.3 1 25 61 281 J 608967 51 370462 
8 362518 0.69 261201 45 159331 0.31 25772204 521910 51892372 
9 101704 0.69 26221849 44717 0.31 25816921 146422 52033794 

10 401 287 0.64 266231 36 t 76436 0.3 1 25993357 577724 526 I651 5 
----------------------------------------------------------*-------------------------- 
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Table 6. Comparative age composition, length, weight, and outmigration 
estimate sockeye salmon smol t, Kvichak River, 1955-1 979, 
--------------------------------------------------------------------------- 

Y E A R  OF AGE I AGE !I AGE 111 OUT 
SEAUARD L E N G T H  U T  L E k G T H  U T  L E N G T H  WT H I G K A T I O N  

H I G F l A T l O N  1 ( n n )  ( $ 1  X ( R A ~  ( $ 1  Z i f in)  ( 3 )  ESTIHATE 
1 / --------------------------------------------------------------------------- - 

1955 0.07 89.0 0.93 260068 
1956 0.39 92.0 0.61 116.0 77660 
1957 0.72 96.0 7.3 0.28 120.0 14.4 30907 
1958 0.98 84.0 4.6 0.02 114.0 3333953 
1959 0.03 80.0 0.97 99.0 7.6 2863876 
1960 0.10 91.0 4.3 0.90 106.0 10.3 6 3 4003 
196 1 0.72 92.0 6.8 0,28 117.0 13.1 36164 
1962 0.94 82.0 4.3 0.06 110.0 F . 7  1203000 
1963 0.03 83.0 4.8 0.97 98.0 7.5 422943 1 
1964 0.22 87.0 5.2 0.78 108.0 9.8 2061 586 
1965 0.04 90,0 4.8 O.Fh 109.0 11.3 181 2555 
1966 0.92 94.0 7.4 0.08 114.0 12.6 2757 61 
1967 0.93 86.0 5.9 0.07 118.3 14.2 3088742 
1968 0.11 88.0 5.5 0.89 104.0 8.2 61 23683 
1959 0.52 92.5 5.7 0.48 109.3 10.6 1 135344 
1970 0.38 90.8 6.0 0.62 110.2 11.0 483638 
t 971 0.94 89.9 5.8 0.07 111.0 11.1 91682813 
1372 0.01 80.0 4.2 0.99 106.0 10.0 67575075 
1973 0.03 85.6 5.1 0.97 97.1 8.3 194i2C1120 
1974 0.09 95.5 8 . 3  0.79 1~1.0 13.1 0.12 123,s 17.5 42714923 
1975 0.63 97.7 8.4 0.37 121.9 16.4 1 563253 1 
1976 0.97 88.2 5.8 0.03 120.8 14.2 10281 7927 
1977 0.38 86.0 5.5 0.62 106.0 10.1 21501 7596 
1978 0.10 88.1 6.0 0.90 96.9 7.8 269842 I24 
1979 0.50 89.6 4.0 0.50 108.9 10.3 52616518 

1/ Fyke net indices from 1955 to 1970, sonar total outmigration estimates - 

from 1971 to 1979. 
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1979 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Wesley A .  Bucher 
Alaska Department of  Fish and Game 

Division of Commercial F i she r i e s  
Dillingham, Alaska 

INTRODUCTION 

The Wood River Smolt P ro j ec t  was i n i t i a t e d  i n  1951 t o  ob ta in  an abundance index 
of t h e  annual sockeye salmon smolt outmigrat ion.  Various programs designed t o  
determine this index were operated u n t i l  1971 (except ing 1968).  The index pro- 
gram was d i  s con t i  nued a f t e r  t h e  1970 season because t h e  re1 a t i o n s h i  p between 
t h i s  abundance index and t h e  eventual a d u l t  r e t u r n  was extremely v a r i a b l e  and 
of l i t t l e  value i n  f o r e c a s t i n g  t h e  magnitude of f u t u r e  runs.  

A more accu ra t e  and p rec i se  smolt outmigrat ion e s t ima te  was needed f o r  fore-  
c a s t i n g  a d u l t  r e t u r n s  and es t imat ing  optimum escapement i n  t h e  Wood River Lakes. 
Therefore,  sonar  smolt enumeration equipment was purchased, and a program was 
i n i t i a t e d  i n  1975 t o  e s t ima te  t o t a l  smolt outrnigration. This  p r o j e c t  has been 
continued through 1979 with t h e  same o b j e c t i v e s  of es t imat ing  number, s i z e ,  
and age composition of  t h e  smolt emigrat ing from t h e  Wood River system. 

Smolt outrnigration e s t ima te s  f o r  1975 and 1976 o r i g i n a l l y  published by Krasnowski 
(1977) were expanded f o r  t h e  e n t i r e  width of t he  r i v e r  and f o r  a time t h e  equip- 
ment was not  opera ted ,  but  were not  mu l t ip l i ed  by a sonar  c a l i b r a t i o n  f a c t o r  of  
f i v e  smol t per  count.  Newcome (1  978) publ ished t h e  1977 r e s u l t s  a s  "expanded 
sonar counts"  and redef ined  t h e  1975 and 1976 counts  a s  "expanded sonar  counts ."  
Clark and Robertson ( i n  p r e s s ) ,  using t h e  c a l i b r a t i o n  f a c t o r  of  f i v e  smolt per  
count ,  publ i shed ac tua l  smol t outmi g ra t ion  e s t ima te s  from "expanded sonar  counts"  
f o r  a l l  yea r s  t h a t  sonar  equipment has been used. 

This r e p o r t  i s  a summary of t h e  1979 smolt program which incorpora ted  new tech-  
niques f o r  e s t ima t ing  t h e  ac tua l  smolt outrnigration. Recommendations a r e  a l s o  
given f o r  s impl i fy ing  t h e  adjustment of  sonar  counts  t o  y i e l d  more p rec i se  smolt 
counts .  

METHODS AND MATERIALS 

Sonar Arrays 

The f o u r  t ransducer  a r r a y s  and e l e c t r o n i c  cont ro l  u n i t s  used in  1979 were t h e  
same ones used from 1976-1 978 (Krasnowski 1976, 1977; Newcome 1978).  An a t tempt  
was made t o  p lace  t h e  a r r a y s  in  t h e  same l o c a t i o n s  a s  i n  1976. The ac tua l  d i s -  
tances  from t h e  nor th  bank of  Arrays I ,  11, 111, and IV were: 20.7, 34.4, 54.5, 
and 74.4 in, r e spec t ive ly .  This put  Array IV a d i s t a n c e  of  43.9 m from t h e  south 
bank, and 4 m f a r t h e r  south than i t s  pos i t i on  i n  1978. Even s o ,  coverage of the 
southern por t ion  of t h e  r i v e r  channel was minimal due t o  high water during the  



e a r l y  p a r t  o f  t he  season. A f t e r  t he  d is tances  between the  sho re l i ne  and the  
i n d i v i d u a l  a r rays  were measured, expansion f a c t o r s  were ca l cu la ted  f o r  those 
sec t ions  of t he  r i v e r  channel t h a t  were n o t  moni tored by sonar. 

With a  few minor changes, the  sampling design and sonar data c o l l e c t i o n  proce- 
dures were t h e  same as descr ibed by Krasnowski (1977). The ar rays  were i n s t a l l e d  
i n  t he  r i v e r  on 29 May and t h e  counter was operated du r i ng  index hours (2100- 
0300) t h a t  n i g h t .  The d a i l y  random count ing  schedule was s t a r t e d  on 30 May 
and cont inued u n t i l  2 August. The sonar gear was operated 75 hours (25 randomly 
se lec ted  3  h  b locks)  per  f i ve -day  sample per iod .  Array I was used as the  index 
a r r a y  u n t i l  24 June, and was operated du r i ng  a l l  sampling hours. Arrays 11, 
111, and I V  were operated i n  a  random sequence f o r  15-min i n t e r v a l s  w i t h i n  each 
hour, and these 15-min counts were expanded t o  y i e l d  hou r l y  counts f o r  each 
ar ray .  

On 24 June t h e  index a r r a y  was changed from Array I t o  I 1 1  a f t e r  p r e l i m i n a r y  
data ana l ys i s  i n d i c a t e d  more smol t  were passing over  Array I 1 1  than Array I. 
The swi tch  was accomplished by merely  in te rchang ing  the  t ransducer  cables a t  
t he  e l e c t r o n i c  sw i t ch ing  u n i t  from I t o  111. 

River  v e l o c i t y  was measured a t  l e a s t  once pe r  day w i t h  a  pygmy Gurley meter. 
These measurements were made behind t h e  index a r r a y  (Ar ray  I u n t i l  24 June). 
Pe r i od i ca l  ly ,  v e l o c i t y  measurements were taken behind the  o t h e r  th ree  arrays.  
Lake depths were recorded d a i l y  a t  t h e  Alaska Department o f  F i sh  and Game cab in  
a t  Lake Aleknagik f o r  comparisons w i t h  prev ious y e a r ' s  data. During per iods  o f  
sonar sampling, r i v e r  depth a t  t he  sonar s i t e  was recorded every 15 min w i t h  t h e  
sonar counter.  D a i l y  a i r  and water temperatures were a l so  recorded a t  t h e  sonar 
s i t e .  

Sonar Sampling - Adjustment and Expansion o f  Counts 

The sonar counter  was operated a t  one v e l o c i t y  s e t t i n g  (4.5 f p s )  a l l  season. 
Because t h e  r i v e r  v e l o c i t y  d r a s t i c a l l y  changed du r i ng  per iods  o f  t i d a l  in f luence,  
a  v e l o c i t y  f a c t o r  was app l i ed  t o  t he  raw counts t o  y i e l d  co r rec ted  counts. 

V e l o c i t y  models used i n  1976 t o  es t imate  hou r l y  v e l o c i t y  f a c t o r s  f o r  a d j u s t i n g  
t h e  sonar counts (Krasnowski 1977) cou ld  n o t  be app l i ed  t o  t he  1978 v e l o c i t y  
data. Therefore a  method was developed, whereby the  sonar counts were adjusted, 
corrected,  and expanded i n  season (Appendix 1  ) .  A standard v e l o c i t y  f a c t o r  (SVF) 
was used du r i ng  per iods  o f  no t i d a l  i n f l uence ,  w h i l e  var ious  t i d a l  v e l o c i t y  
f ac to rs  (TVF) were used f o r  those hours when h igh  t i d e s  slowed the  r i v e r  c u r r e n t .  

The SVF was der ived  a t  t he  end o f  each f i ve-day  sample p e r i o d  from d a i l y  v e l o c i t y  
measurements taken behind the  index a r r a y  du r i ng  non- t ide i n f l uenced  hours. The 
mean o f  these v e l o c i t y  measurements was then d i v i d e d  by 4.5 t o  produce t h e  SVF 
f o r  t h a t  per iod .  

The TVF was der ived  from an accumulation o f  v e l o c i t y  measurements taken du r i ng  
the  t i d e  in f luenced hours. Krasnowski (1977) repo r ted  t h a t  t he  p e r i o d  o f  
i n f l u e n c e  l a s t e d  2  hours, f rom 1  hour a f t e r  "book" h igh  t i d e  t o  3  hours a f t e r  
h igh  t i d e ,  w i t h  a  peak a t  2 hours a f t e r  h igh  t i d e .  Measurements i n  1979, how- 
ever, i n d i c a t e d  t h a t  t h e  ac tua l  pe r i od  of i n f l u e n c e  g r e a t l y  v a r i e d  throughout 
t he  season, being dependent upon the  h e i g h t  o f  t h e  t i d e  and the  water l e v e l  o f  
t he  r i v e r .  Some o f  t h e  saml le r  h igh  t i d e s  produced no e f f e c t  on r i v e r  v e l o c i t y ,  



while l a rger  high t i de s  sometimes influenced r i ve r  ve loc i t i e s  f o r  as long as 
6 h .  

The procedure fo r  ca lcula t ing t i da l  f ac to rs  was t o  monitor r i ve r  velocity 
during both l a rger  high and smaller h i g h  t i d e s  on o r  near the middle of the 
five-day period. Measurements from the Gurley meter anchored behind the index 
array were recorded every 15 min over a 2 t o  4 h period. The length of time 
spent monitoring the Gurley meter invariably was l e s s  than the e n t i r e  period 
of influence. Missing data a t  the end of t h i s  period were then graphically 
estimated by curve f i t t i n g  and extrapolat ing (Appendix 2 ) .  The resu l t ing  
fac to rs ,  defined as F1 and F 2 ,  were derived from the graph in a f a i r l y  simple 
manner. If  the period of t i da l  influence was only 2 h ,  F1 was used t o  cor rec t  
the  f i r s t  hour of influence while F2 was used fo r  the  second hour. I f  the  per- 
iod of t i da l  influence was longer than 2 h ,  various averages of the two fac to rs  
were used t o  ad jus t  the counts. 

Because r i ve r  ve loc i t i e s  were d i f f e r en t  over each array a t  any given time, an 
array r a t i o  fac to r  (ARF) was a l so  used. Once per period, usually on o r  near 
the t h i rd  sample day, velocity measurements were taken behind each array.  
These measurements were used t o  ca lcu la te  the A R F ,  the r a t i o  of r i ve r  ve loc i t i e s  
behind the non-index arrays  t o  those behind the index array.  

After the raw counts were mult ipl ied by the appropriate velocity fac to rs  t o  
produce corrected counts by array,  the corrected counts were expanded f o r  the 
en t i r e  width of the r i ve r .  An expansion fac to r  was assigned t o  each array 
which remained constant throughout the season. These fac to rs  were a function 
of distance between the individual ar rays  w i t h  respect  t o  the  t o t a l  distance 
across the r i ve r ,  l e s s  t ha t  portion of the  southern channel not used by the 
smolt (Appendix 3 ) .  The expansion fac to rs  were as follows: Array I - 4.88, 
Array I1  - 4.50, Array I11 - 4.96, and Array IV - 5.75. 

Because sampling was not done 24 hours per day, missing counts were interpolated 
f o r  those time periods not sampled. After  in terpola t ion f o r  missing data,  
counts were summed to  y ie ld  a da i ly  t o t a l  expanded count. The e lect ronic  
counter was designed t o  r eg i s t e r  one count f o r  the biomass equivalent t o  f i ve  
smol t .  [Fyke net  catches were compared w i t h  sonar counts t o  c a l i b r a t e  the 
sonar counter. Results were not comparable because heavy debris  in the r i ve r  
caused the sonar gear t o  r eg i s t e r  a  large  b u t  unknown percentage of f a l s e  
counts. Calibrat ion t e s t s  made i n  1978 (Clark and Robertson, i n  press)  indi-  
cated t h a t  the sonar un i t  was counting as designed. I t  was assumed t h a t  the  
sonar counter was s t i l l  counting a t  the  proper r a t e  of f i ve  smolt per count]. 
Therefore, the da i ly  t o t a l  expanded count was mult ipl ied by f i ve  t o  est imate 
the actual da i ly  smolt count. 

Age-Weight-Length 

Smolt were col lec ted f o r  age-weight-length analys is  during each five-day 
sampling period. The samples were col lec ted w i t h  a  beach se ine  near the 
o u t l e t  of Lake Aleknagi k .  During l a t e  July adequate samples could not be 
obtained using the beach se ine .  A fyke net was the rea f te r  f ished d i r ec t l y  
behind Array I  t o  obtain the samples. Fork length and sca le  samples were 
taken from each smolt. Weights were taken from a t  l e a s t  10 smolt per day 
(17% of da i ly  sample) and a1 1 smol t were external ly  examined f o r  presence of 
the pa ras i t e  Triaenophorus crassus.  



SCUBA D i v i n g  - Underwater I nspec t i on  and Adjustment 

A s e r i e s  o f  h i g h  t i d e s  i n  mid-Ju ly ,  caus ing severe c u r r e n t  r e v e r s a l s  i n  t he  
r i v e r ,  d is lodged t h e  a r rays  and moved them f rom t h e i r  o r i g i n a l  p o s i t i o n s  on 
t h e  r i v e r  bottom. Anchors a t tached  t o  t he  t ransducer  cab le  bundles were a l s o  
p u l l e d  loose, caus ing t h e  cab le  bundles t o  be swept downstream and become 
tang led .  Wi thout  anchors secur ing  t h e  cables,  g r e a t  s t r a i n  was p laced on t h e  
cables,  b reak ing  two o f  t he  s a f e t y  l i n e s .  On 13 Ju l y ,  d u r i n g  one of t h e  t i d e  
reve rsa l s ,  SCUBA gear was used t o  i n s p e c t  t he  sonar gear and make necessary 
r e p a i r s .  Th i s  proved t o  be a  ve ry  e f f e c t i v e  means o f  r e p a i r i n g ,  c lean ing ,  
and a d j u s t i n g  t h e  underwater equipment. 

RESULTS 

C l i m a t o l o g i c a l  and Hyd ro log i ca l  Observat ions 

D a i l y  water  and a i r  temperatures recorded a t  t h e  sonar s i t e  du r i ng  t h e  smol t  
o u t m i g r a t i o n  a r e  presented i n  Table 1. Maximum and minimum seasonal water  
temperatures were 16O C (20 J u l y  and 2  August) and 4.5" C (as l a t e  as 6  June), 
r e s p e c t i v e l y .  The maximum and minimum a i r  temperatures were 33" C (12, 16-18 
J u l y )  and 1.5" C (27 June). A  comparison o f  average l a k e  and r i v e r  depth 
measurements f o r  t h e  years  1975-1979 i s  presented i n  Table 2. 

Outmig ra t ion  Est imate 

The sonar coun te r  was operated f o r  13 f i ve -day  per iods  f o r  a t o t a l  o f  65 
consecu t i ve  days. A  t o t a l  o f  1,664,325 raw counts were enumerated. O f  t h i s  
t o t a l ,  17.0% were recorded by A r ray  I, 27.1% by Ar ray  11, 33.1% by A r ray  111, 
and 22.8% by A r ray  I V .  D a i l y  o u t m i g r a t i o n  est imates t o t a l e d  65,966,050 ( F i g u r e  
1, Table 3 ) .  Table 3  a l s o  1  i s t s  t h e  es t imated  smo l t  ou tm ig ra t i on  by age c l ass  
and sample pe r i od .  

Age-Weight-Length 

Age composi t ion es t imates  and mean l eng ths  by sample p e r i o d  de r i ved  from beach 
se ine  and fyke n e t  sampling a r e  g i ven  i n  Table 4. Weighted mean l eng ths  f o r  
t h e  season of Age I and Age I 1  smol t  were 89.7 mm and 99.8 mm, r e s p e c t i v e l y .  
Age I smol t  comprised 92.2% o f  t he  ou tm ig ra t i on ;  Age I 1  smo l t  comprised 7.8%, 
t h e  m a j o r i t y  o f  which emigrated d u r i n g  May and June. No Age I 1 1  smo l t  were 
observed i n  t h e  sample. A  comparison o f  t h e  mean l e n g t h  o f  smol t  by yea r  and 
age c l a s s  f o r  t h e  years  1951-1979 i s  presented i n  Tab le  5. Mean weights  by 
sample p e r i o d  a r e  presented i n  Tab le  6. No seasonal mean we igh t  i s  g i ven  
s i nce  much growth occur red  d u r i n g  t he  a c t u a l  p e r i o d  o f  ou tm ig ra t i on .  Table 7  
l i s t s  t h e  es t imated  percentage o f  sockeye salmon smol t  i n f e c t e d  by t h e  cestode 
Tr iaenophorus crassus. Ove ra l l ,  10.0% o f  t h e  Age I smol t  and 30.8% o f  t h e  Age 
I 1  smo l t  were es t imated  t o  be i n f e c t e d  by t h e  p a r a s i t e .  



T a b l e  1 .  Water and a i r  t e m p e r a t u r e s  r ecorded  a t  Wood Rive r  s o n a r  s i t e ,  1979. 

Water Air Temp. ( O C )  Water Air Temp. ( O C )  

Date Temp. ( O C )  Max. Mi n .  Date Temp. ( O C )  Max. Mi n .  



T a b l e  2.  Average l a k e  d e p t h  measurements,  Wood River s o n a r  s i t e ,  1975-1979. 

YEAR DEPTH ( f t .  ) RANGE 





Table 3 .  Estimated smolt outmigration by age c l a s s  and sample period,  
Wood River,  1979. 

Sample 
Period 

Age I Age I1  
No. % No. % 

Total 

May 30 - June 3 

June 4 - 8 

June 9 - 1 3  

June 14 - 18 

June 19 - 23 

June 24 - 28 

June 29 - July  3 

J u l y  4 - 8 

Ju ly  9 - 1 3  

Ju ly  14 - 18 

Ju ly  19 - 23 

Ju ly  24 - 28 

Ju ly  29 - Aug 2 

Total 60,838,182 92.2 5,127,868 7.8 65,966,050 



Tab1 e 4. Sample s i z e s ,  mean 1 engths (mm) , and variances f o r  Age I 
and Age I 1  sockeye salmon smolt,  Wood River,  1979. 

Age I Age I1  
- 2 Sample Period 

- 
n x s n x s 2 

May 30 - June 3 211 84.2 12.5 44 95.8 22.5 

June 4 - 8 258 83.3 16.7 4 2 96.2 55.2 

June 9 - 13 270 83.5 29.9 30 96.0 81.9 

June 14 - 18 234 83.7 27.6 33 100.0 169.4 

June 19 - 23 205 83.6 36.9 33 99.2 134.9 

June 24 - 28 217 86.5 36.7 20 103.3 64.9 

June 29 - J u l y  3 73 89.1 56.9 9 107.1 71.2 

Ju ly  4 - 8 204 90.3 47.5 14 106.2 72.5 

J u l y  9 - 1 3  146 92.9 31.7 4 100.0 114.5 

Ju ly  14 - 18 93 95.5 34.0 3 106.3 57.6 

Ju ly  19 - 23 20 96.5 27.6 0 - - 

Ju ly  24 - 28 228 95.2 23.8 12 93.7 47.2 

Ju ly  29 - Aug 2 250 97.4 24.0 5 103.2 54.2 

1 / May 30 - August 11 2,409 89.7 - 249 99.8 - 11 

11 Mean length f o r  the  e n t i r e  season was derived by weighting each sample - 
per iod ' s  mean length by the  t o t a l  outmigration es t imate  f o r  t h a t  
period (Table 3 ) .  



Table 5. Mean length of sockeye salmon smolt by year  and age c l a s s ,  Wood River, 
1951-1979. - I /  

Year o f  Age I Age I1  
Seaward Mean Length Mean Length 
Migration Percent  i n  mm Percent in  mm 

1951 -79 Average 89.3 
1951 -66 Average 89.6 
1975 -79 Average 88.3 

1/  1951-74 Data Source: ADFAG Br i s to l  Bay Annual Management Report, - 
1974. Age and length weighted by catch f o r  a given sample period. 

2/ Program not  i n  operat ion o r  data not tabula ted .  - 
3/ Percentage not  weighted by catch by period. - 



Table 6 .  Mean weight by sample period f o r  Age I and Age I1 sockeye 
salmon smol t , Wood River,  1979. 

Age I Age I1 
Sampl e Period n Y s2 n Y s L 

May 30-June 3 149 5.2 .48 3 2 7.6 1.09 

June 4- 8 258 5.4 .83 4 2 8 . 0  4.26 

June 9-13 142 5.6 1.29 14 8.6 4.66 

June 14-18 54 5.6 .81 8 9.0 20.91 

June 19-23 39 5.7 .76 8 8 .8  5.11 

June 24-28 40 6.8 1.88 5 9.7 2.03 

June 29-July 3 4 0 7.6 3.39 3 12.9 1.89 

Ju ly  4- 8 38 7.9 4.34 4 11.05 7.25 

Ju ly  9-13 49 8.7 3.12 1 - - 

Ju ly  14-18 3 0 10.1 2.29 2 12.5 - 

J u l y  19-23 - (9.8) - - - - 

J u l y  24-28 5 0 9.3 1.65 1 9.1 - 

J u l y  29-Aug. 2 64 9.9 1.80 1 12.3 - 



Table 7 ,  Sample s i ze s  and estimated infect ion by t he  cestode Triaenophorus 
crassus of Age I and I1 sockeye salmon smolt by sample period, 
Wood River, 1979. 

Samp 1 e Age I Age I1  
Period n % T.C .  n % T . C .  

May 30-June 3 

June 4- 8 

June 9-13 

June 14-18 

June 19-23 

June 24-28 

June 29-July 3 

July  4- 8 

July  9-13 

Ju ly  14-18 

Ju ly  19-23 

July 24-28 

July  29-Aug. 2 

May 30-Aug. 2 l 0 . d  3 0 . d '  

1/ The overal l  percentage of smolt infected by the paras i t e  T .  c rassus  was - 
derived by weighting the  percentage of infect ion in each sample period 
by the  t o t a l  expanded counts fo r  t h a t  period (Table 3 ) .  Infection 
was only determined by gross external observations.  



DISCUSSION A N D  RECOMMENDATIONS 

Marine Survival Estimates 

A summary of smolt outmigration est imates by age c lass  f o r  the years 1975-1979 
i s  given i n  Table 8.  These data a r e  shown as they r e l a t e  t o  brood year 
escapements in Table 9. After the 1979 season, adequate data were avai lable  
t o  ca lcu la te  marine survival from two brood year escapements. A t o t a l  of 2.907 
mill ion 42 and 1.957 mill ion 52 sockeye salmon returned from the 1974 escapement 
t o  the Wood River system. The 1974 escapement produced an estimated to ta l  of 
113.950 mill ion Age I and I1 smol t .  Since sockeye salmon from the Wood River 
Lake system a r e  v i r t ua l l y  100% 4 and 5-year-old f i s h ,  i t  may be assumed t ha t  
4.864 mill ion f i s h  were produced from the 1974 brood year.  Marine survival 
was thus calculated t o  be 4.27%. Similar ca lcula t ions  f o r  the 1973 brood year 
escapement indicated a 4.29% marine survival .  

False Counts from Aquatic Debris 

Since the sonar un i t  i s  a "biomass" counter, there  was an i n t r i n s i c  problem in 
t ha t  anything resembling smolt, including aquatic macrophytes, t ha t  passed over 
the  transducers was a l so  counted. During most of June there was l i t t l e  plant  
growth in the  lake o u t l e t ,  b u t  during July the growth became increasingly 
th ick,  broke loose, and f loated downstream, passing over the  sonar arrays 
where i t  was counted as  smolt. 

The problem was compounded by t i d e  reversa ls  in the r i v e r ,  where high water 
and the  change in  current  d i rect ion loosened plants and debris  otherwise 
unaffected by normal flow. This resul ted  in a period of low counts during 
current  reversa ls  w i t h  an immediate s e r i e s  of h i g h  counts following the rever- 
s a l .  Visual checks, however, indicated t h a t  the high counts following a 
reversal could be a t t r i bu t ed  t o  debris  in most cases.  As plant  growth increased 
and water levels  dropped during the summer, the problem of f a l s e  counts from 
aquatic debris  became progressively worse. As r i ve r  depth decreased, smaller 
high t i de s  produced reversa ls  with the  same e f f ec t  a s  a l a rger  high t i d e .  

I t  now appears t h a t  few, i f  any, smolt emigrate during the t i d e  reversa ls .  
Sonar counts during these periods a r e  few and occur in a random sequence 
(usually one o r  two count burs ts)  which was a more typical  debris  pat tern .  
Interpolat ing across these hours using counts before and a f t e r  the reversal 
would produce erroneously high estimates during the reversa l .  Counts of zero 
were therefore  recorded during these periods in question. 

I t  is not known what percentage of the t o t a l  counts were " f a l s e  counts" caused 
by aquatic debr is ,  b u t  f o r  t h i s  reason, i t  was thought t o  be f a i r l y  s ign i f i can t  
during the l a s t  2 weeks of counting. The percentage of " f a l s e  counts" i s  a l so  
highly variable between seasons. Factors such as  water l eve l ,  t ida l  influence,  
water temperature, and incident  radia t ion would a l l  contribute to  the debris  
probl em in varyi ng degrees. 

A comparison of the  dates when 90% of the smolt had passed the o u t l e t  may pro- 
vide ind i rec t  evidence t ha t  the sonar i s  counting mostly debris  i n  l a t e  July 
and August. Eggers and Rogers (1978) provide a summary of smol t timing in the 
Wood River system from 1951 t o  1966 i n  Table 10. This data was obtained from 



TABLE 8. Summary of smol t outmigration by year  and age c l a s s ,  Wood River, 
1975-1979, in  mi l l ions  of smolt.l /  

Year of 
Outmigration Age I Age I1  Total 

1975 27.95 5.90 33.85 

1976 101.40 4.80 106.20 

1977 60.75 12.55 73.30 

1978 46.60 8.40 55.00 

1979 60.84 5.13 65.97 

11 To ta l ly  expanded sonar counts ,  derived by expansion f a c t o r  of (5)  smol t - 
per count . 

TABLE 9. Summary of smolt outmigration by brood year  escapements, by age 
c l a s s ,  i n  mi l l ions  of smolt and smolt production per spawner, 
Wood River,  1972-1 977. 

Brood Smol t Production 
Year Escapement Age I Age I1  Total Per Spawner 

1972 0.43 - 5.90 - - 



T a b l e  10 .  Summary o f  s m o l t  m i g r a t i o n  t i m i n g  f o r  t h e  Wood River sys tem;  
d a t e s  on which 10 ,  50 and 90 p e r c e n t  o f  s m o l t s  m i g r a t e d  p a s t  
Lake Aleknagik  o u t l e t ,  1951 - 1979. I/ 

Year 10% 50% 90% 

1966 611 7 6/26 71 8 

Average 611 1 6 /23 7 1  4 

Average 611 2 7 1  3 7/25 

I /  Source:  Eggers ,  D .M.  and Rogers,  D . E .  ( 1978) .  - 
2/ I n i a t i o n  o f  s o n a r  sampl ing program. Data i n  p r i o r  y e a r s  was o b t a i n e d  - 

from a f y k e  n e t  i n d e x  program. 
3 1  E x t r a p o l a t e d  from t o t a l  expanded c o u n t s  by f i v e - d a y  p e r i o d .  - 



the old fyke net index program, while s imi lar  data f o r  1975-1979 was obtained 
from sonar sampling. The average date when 90% of the smolt outmigration had 
occurred was 4 July when indexed by fyke ne t ,  and 25 July when counted by 
sonar. This suggests t ha t  e i t h e r  a s ign i f i can t  s h i f t  in the run timing had 
occurred o r  the sonar counter was counting aquatic debris  as  smolt. Methods 
t o  el iminate o r  reduce t h i s  source of e r ro r  a re  presently being studied.  

Water Level and Smolt Distr ibution 

In 1975 when the sonar program was i n i t i a t e d ,  only two arrays were used. Results 
of the 1975 s tudies  indicated t h a t  smolt d i s t r ibu t ion  a t  the sonar s i t e  was n o t  
random (Krasnowski 1976). The inshore array (Array I ) ,  located 15.2 m from the 
north bank, consis tent ly  enumerated more smolt than the offshore ar ray (Array 
111) located 33.5 m from shore. A side-scanning sonar uni t  used in conjunction 
with the two arrays could not be used due t o  the severe t i da l  f luctuat ions .  I t  
did indicate ,  however, t ha t  few smolt occurred in the southern t h i rd  of the 
r i ve r  channel in 1975. Later s tudies  have shown, however, t h a t  t h i s  d i s t r ibu-  
t ion  pat tern  was not the same each year.  

Two addit ional  ar rays  were added t o  the sonar system in  1976 t o  be t t e r  est imate 
smolt d i s t r ibu t ion  across the r i ve r .  Arrays I and I1 were placed i n  the same 
posit ion as  i n  1975. Arrays I11 and IV were positioned 48.8 m and 61.0 m y  
respectively from the north bank (Krasnowski 1976). That year the accumulated 
sonar counts by array resembled the  d i s t r ibu t ion  pattern of 1975, i . e . ,  more 
counts were recorded by Array I than by Array I I .  Newcome (1978, p .  27) ,  how- 
ever, reported t ha t  the smolt "d i s t r ibu ted  themselves more evenly over the four 
sonar arrays in 1977 than in 1976, b u t  the majority of the to ta l  adjusted ( f o r  
r i ve r  velocity only) counts were s t i l l  recorded by Array I . "  

Smolt d i s t r ibu t ion  by array was not reported in 1978, but a de f i n i t e  s h i f t  in 
the  d i s t r ibu t ion  pattern was observed in 1979. The accumulated raw sonar counts 
by array a re  presented in Figure 2 ,  while Figure 3 shows the t o t a l  number of 
expanded sonar counts by array,  a f t e r  the various velocity fac to rs  have been 
applied and a f t e r  expansions f o r  the e n t i r e  width of the r i ve r .  Figures 2 and 
3 show the  same d i s t r ibu t ion  pattern with one exception; Array IV has a higher 
percentage of counts than Array I1 in Figure 3. This was caused by the large  
expansion f ac to r  assigned t o  Array IV. 

Although the distance from Array IV t o  the  south bank was l a rge ,  t h i s  portion 
of the r i ve r  channel i s  a l so  qui te  shallow and subject  t o  severe water level 
f luctuat ions .  The smolt, therefore ,  may not consis tent ly  use t h i s  par t  of the  
channel, especia l ly  during the l a t t e r  weeks of the summer. Assigning an expan- 
sion fac to r  based only on distance between arrays  assumed t ha t  the smolt were 
evenly d i s t r ibu ted  across the r i ve r  channel. That assumption was not correct .  
The Array IV expansion fac to r ,  therefore ,  was reduced from the i n i t i a l  8.80 t o  
5.75 which changed the  f ina l  outmigration estimate by nearly 10 mill ion smolt. 
T h u s ,  any e r ro r  associated with the expansion fac to rs  has a d i r ec t  and consid- 
erable  e f f e c t  on the accuracy of the f i na l  estimate. 

In 1979 the sonar arrays were positioned on the r i ve r  bottom with respect  t o  
positioning recorded i n  previous years.  A review of these posit ions and the 
percentage of counts recorded by each array indicated t ha t  these posit ions may 
not y ie ld  the most accurate counts. A summary of srnolt d i s t r ibu t ion  by array,  
by year i s  given in Table 11. 



Array Array Array Array 
I I I 111 I v 

Figure 2 .  Number of accumulated sonar counts (before  in t e rpo la t ion  and 
expansion) by a r ray ,  Wood River, 1979 11. 

11 Raw counts were not adjusted f o r  r i v e r  ve loc i ty .  - 
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Array Array Array Array 

Figure 3. Number of accumulated expanded counts by array,  Wood River, 1979 11. 

11 Counts were corrected f o r  r i ve r  veloci ty  and expanded f o r  distance between - 
arrays  and shore, b u t  do not r e f l e c t  in terpola t ion f o r  hours not counted. 



Table 11. Smolt d i s t r i b u t i o n  by a r ray  and year .  

Percentage of Total Counts 
Year Array I Array I1  Array 111 Array IV 

1 1  1975 - 68.6 31.4 - - 

1976 49.0 30.2 11.7 9.1 

1977 36.0 24.4 20.8 18.8 

1978 - - - - 

1979 17.0 27.1 33.1 22.8 

11 Only two a r rays  were used in  1975. - 



The changes in d i s t r ibu t ion  patterns may be linked t o  water levels  in the lake 
and r i ve r .  Water levels  in 1975 and 1976 were qu i te  low r e l a t i ve  t o  those in 
1977 and 1979 when higher percentages of smolt were counted by offshore ar rays  
(Table 2 ) .  T h u s  i t  may be possible t o  improve accuracy by d i s t r ibu t ing  the 
arrays evenly across the r i ve r ,  although changing the array posit ions would 
s ac r i f i c e  comparison of annual data.  Further invest igat ion i s  necessary 
before a change i s  warranted. 

Adjustment of Sonar Counts f o r  River Velocity 

The e n t i r e  length of the  Wood River is  subject  t o  t i da l  influence,  causing 
r i ve r  velocity t o  f luc tua te  with the ebb and flood. River velocity was an 
important f ac to r  in determining actual numbers of smolt from sonar counts. 
The differences between actual r i ve r  veloci ty  and the velocity s e t t i ng  on the 
sonar counter caused the e lec t ronics  t o  undercount o r  overcount in d i r ec t  pro- 
portion t o  the r a t i o  of the  veloci ty  s e t t i ng  on the  e lec t ronics  t o  the actual 
r i ve r  veloci ty .  

Since the sonar program was i n i t i a t e d  in 1975, no l e s s  than four d i f f e r en t  
methods have been employed t o  ad jus t  the sonar counts f o r  the actual r i ve r  
veloci ty .  Krasnowski (1 976) f i r s t  developed a s t a t i s t i c a l  veloci ty  model 
(modified i n  1977) from extensive measurements of lake and stream depth re la -  
t i v e  t o  current  velocity measurements. Newcome (1 978, p 25) attempted t o  do 
the same, but found t ha t  the r i ve r  veloci ty  data "were so variable t h a t  the 
model did not f i t . "  Instead a correction fac to r  was computed using the aver- 
age velocity across the  r i v e r  per 5-day period. Clark and Robertson ( i n  press)  
used the same technique f o r  periods of no t ida l  influence (on veloci ty)  but 
extrapolated sonar counts during t i d e  influenced time periods from non-tidally 
influenced counts. Treatment of the  1979 data was s imi la r ,  b u t  s t i l l  d i f f e r en t  
i n  t h a t  correction factors  were calculated f o r  t i d e  influenced counts as well.  
Improved accuracy of the count adjustment by t h i s  l a t e s t  technique, however, 
required excessive amounts of time measuring r i ve r  velocity with a Gurley 
meter. 

These various techniques fo r  correcting the  sonar counts t o  actual r i v e r  velocity 
have been not only d i f f i c u l t  and time consuming t o  conduct, b u t  have a l so  added 
va r i ab i l i t y  t o  the actual outmigration est imates.  Therefore a flowmeter w i t h  
a remote d ig i t a l  readout has been purchased f o r  the 1980 season t o  simplify 
and standardize the treatment of sonar data.  The meter wil l  be i n s t a l l ed  in 
a permanent location in the r i ve r  immediately behind the index array.  This 
wil l  allow technicians t o  simultaneously monitor r i ve r  velocity in conjunction 
with the  sonar counter. As changes i n  r i ve r  velocity occur, the technician 
can quickly and ea s i l y  change the  veloci ty  s e t t i ng  on the counter which wil l  
e lec t ron ica l ly  " reca l ib ra te"  i t s e l f .  

Beach Seining f o r  AWL Samples 

The standard technique fo r  col lec t ing smolt samples f o r  t h i s  program has been 
beach seining a t  the o u t l e t  of Lake Aleknagik. Catch per u n i t  of e f f o r t  ( C P U E )  
was recorded da i ly  and a t  l e a s t  60 smolt were sampled f o r  age-weight-length 
analys is .  These data were used in conjunction w i t h  da i ly  sonar counts t o  e s t i -  
mate timing and age composition of the smol t outmigration. Krasnowski (1976) 
found a l i nea r  re la t ionship  when he compared beach se ine  CPUE and t o t a l  da i ly  



sonar counts, and used t h i s  re la t ionship  to  estimate smolt outmigration during 
periods when the sonar counter was inoperative.  

Beach seining a t  the lake ou t l e t ,  however, has been questioned because smolt 
caught in the  lake may not, in f a c t ,  be outmigrants. Also previous reports  
indicated t ha t  i t  became increasingly d i f f i c u l t  to  catch smolt by beach seine 
in the mid t o  l a t t e r  par t  of the season. This trend was a l so  observed in 
1979, which required t ha t  smolt samples be collected by fyke net fo r  the remain- 
der of the season. 

These changes in sampling techniques during the season have raised several 
questions concerning bias ,  gear s e l e c t i v i t y ,  and r e l i a b i l i t y  of age composition 
estimates. Some investigators claim t h a t  fyke nets a r e  se lec t ive  f o r  smaller 
(Age I )  f i sh .  Others claim tha t  beach seines do not capture a heterogeneous 
sample. Either case would lead t o  a biased sample and unreliable age composi- 
t ion estimates. Burgner (1962, p 258) reported t ha t  "sampling within the lake 
system by means of beach se ines ,  lake t raps ,  and fyke nets fa i l ed  to  furnish 
any evidence of an abundance of larger  or  older finger1 ings not represented in 
the samples taken by fyke net a t  the ou t l e t  of the lake system. However, beach 
seine sampling in the lakes did show repeatedly t ha t  length-frequency composi- 
t ion varies g rea t ly  from one school t o  the  next." Burgner's (1962, p 260) 
d i r ec t  comparison of the two gear types indicated t ha t  "The fyke net samples 
were composed of portions of a greater  number of schools, hence tended more 
toward the average s i z e  composition of a l l  schools passing, and thus showed 
l e s s  va r i ab i l i t y  in s i ze  composition between samples." 

These f indings support the idea of using a fyke net as  the s ingle  means of 
col lect ing smolt samples. In addit ion,  ca l ibra t ion of the sonar counter could 
be accomplished in conjunction with the col lect ion of AWL samples. 
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APPENDIX 2 

Positions of the sonar arrays on the r iver  
bottom and derivation of the expansion 
factors  used t o  obtain expanded counts. 

The sonar equipment used in t h i s  program only counts a portion of 

the to t a l  number of smolt emigrating from the lake. This i s  because the 

four sonar arrays only sonify the r iver  channel d i rec t ly  above them. 

Smol t passage i n  those sections of the channel not monitored by sonar 

must be estimated. 

After the sonar arrays have been deployed t h e i r  actual positions 

a re  measured i n  re la t ion  t o  the north and south bank. Each of the four 

arrays sonify an 11 foot section of the r iver .  I f  the actual distances 

between the arrays a re  converted to  11-foot intervals ,  they can be 

standardized by the length of a s ingle  sonar array, with each 11-foot 

interval made equal to  one (1 ) . 

Standardized lengths allow estimation of smolt passage fo r  those 

portions of the r ive r  channel not monitored by sonar, using counts from 

the arrays on e i the r  side.  Sonar counts from a given array a re  then 

multiplied by a constant fac tor  associated with tha t  par t icular  array to  

yield estimated to ta l  expanded counts (ETEC). 

The ETEC may be described by the following equation: 

5 4 
ETEC = z A i  + 1 X i  

Where 

A, = 5.68 ( x l )  (1/2) 

-35- 



APPENDIX 2 (continued) . 

and 

'1 = veloci ty  adjusted sonar counts from Array I 

X2 = veloci ty  adjusted sonar counts from Array I 1  

Xg = veloci ty  adjusted sonar counts from Array 111 

X4 = veloci ty  adjusted sonar counts from Array IV 

By reducing the  constants i n  t he  equation i n t o  terms of X var iables  

the  ETEC may be defined as:  

ETEC = 4.88 ( X I )  + 4.50 ( X 2 )  + 4.96 (X3) + 8.80 ( X 4 )  

Note t h a t  the  constant  (8.80) i n  t he  above equation was reduced 

i n  t he  post season analysis .  See "Water level  and Srnolt Distr ibution" 

i n  t he  discussion sect ion of t h i s  repor t .  
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INTRODUCTION 

Lake Nunavaugaluk was chosen as t h e  s i t e  f o r  a  sockeye salmon (Oncorhynchus 
nerka)  f r y  p roduc t i on  f a c i l i t y  t o  supplement seve re l y  depressed n a t u r a l  p ro -  
duc t i on .  P r e l i m i n a r y  s tud ies  on Lake Nunavaugaluk were i n i t i a t e d  i n  1974 t o  
es t imate  t h e  number o f  sockeye salmon j u v e n i l e s  t h a t  t h e  l a k e  was capable o f  
suppor t ing .  Whi le  these s tud ies  i d e n t i f i e d  t h e  l o c a t i o n  and e x t e n t  o f  sha l low 
water  r e a r i n g  areas impor tan t  f o r  e a r l y  fry s u r v i v a l ,  no es t ima te  was made of 
how many f r y  t h e  l a k e  c o u l d  suppor t  (Jaenicke, Mattson, and Hoffman 1978). The 
number and age o f  sockeye salmon smol ts  m i g r a t i n g  f rom t h e  l a k e  was determined 
t o  eva lua te  f reshwater  s u r v i v a l  and p roduc t i on  o f  sockeye salmon j u v e n i l e s .  
Un fo r t una te l y ,  es t imates  o f  t h e  t o t a l  number o f  smol ts  l e a v i n g  t he  l a k e  were 
n o t  cons idered t o  be r e l i a b l e ,  s i nce  f y k e  n e t  sampling cou ld  n o t  be i n i t i a t e d  
u n t i l  a f t e r  t h e  l a k e  was i c e - f r e e .  I t  was hypothes ized t h a t  50% o f  t h e  t o t a l  
m i g r a t i o n  had occur red  p r i o r  t o  t h i s  t ime  (Thomason and Jaenicke 1979).  

S tud ies  descr ibed  i n  t h i s  paper a re  a  c o n t i n u a t i o n  o f  e f f o r t s  t o  p rov ide  accur-  
a t e  est imates o f  smol t m i g r a t i o n  i n  Snake R iver .  Dur ing 1979 t h e  o b j e c t i v e s  
were: (1) t o  determine whether l a r g e  numbers o f  smol t  l eave  t h e  l a k e  p r i o r  t o  
o r  d u r i n g  t h e  i c e  breakup, ( 2 )  t o  es t ima te  t h e  t o t a l  number o f  smol t  l e a v i n g  
t h e  l a k e  a f t e r  i c e  breakup, ( 3 )  t o  es t ima te  age and s i z e  composi t ion o f  smol t 
l e a v i n g  t h e  lake,  and ( 4 )  t o  conduct s i t e  surveys f o r  placement o f  acous t i c  
smol t counters .  

METHODS AND MATERIALS 

Dur ing i c e  breakup smo l t  sampling was conducted a t  two s i t e s  near t h e  o u t l e t  o f  
Lake Nunavaugaluk (F igu re  1 ) .  O u t l e t  w i d t h  was about 1000 m  and wate r  depth 
ranged f rom 1.5 m  ( s i t e  B )  t o  3.7 m  ( s i t e  A) .  A f t e r  i c e  breakup smol t  sampl ing 
was conducted w i t h i n  Snake R iver ,  about 100 m below t h e  o u t l e t .  R i v e r  w i d t h  
was about 45 m, depth ranged f rom 0.3-0.9 m, and c u r r e n t  speed v a r i e d  f rom 2.9- 
4.9 f ps .  Th i s  s i t e  was t h e  same used i n  a l l  p rev ious  Lake Nunavaugaluk smol t  
s t ud ies  (Thomason and Jaenicke 1979). 

Dur ing i c e  breakup, a t tempts were made t o  cap tu re  smol ts  us ing  s i nk i ng ,  v a r i a b l e  
mesh s i z e  (3.8, 3.2, 2.5, 1.9, and 1.3 cm square mesh) m u l t i f i l a m e n t  g i l l  nets .  
One g i l l  n e t  was f i shed  con t i nuous l y  a t  s i t e  B f rom 1445 h  on 4  May, u n t i l  0730 
h  on 6 May. Another a i l 1  n e t  was f i s h e d  con t i nuous l v  a t  s i t e  A  f rom 1445 h  on 
4  May, u n t i l  0730 h  on 5  May. A1 1  A r c t i c  char  (sa lve1  i nus  a l p i n u s )  captured 
were examined t o  determine whether t hey  had been feed ing  upon sockeye salmon 



L A K E  N U N A V A U G A L U K  

G I L L  N E T  

Figure 1.  Area where Lake Nunavaugaluk drains into Snake River showing 
location of g i l l  net and fyke net sampling s i t e s  for  sockeye 
salmon smol ts.  



smolt. Gill net sampling was ended on 6 May because of i ce  f loa t ing  a t  the 
out1 e t  . Because of other project  commitments f o r  avai 1 abl e personnel , smol t 
sampling was suspended unt i l  16 May when the  ou t l e t  and lake were i ce  f r e e ,  
and fyke nets  were used t o  capture smolts. 

Fyke net  sampling was conducted from 16 May unt i l  16 July using nets  f i t t e d  
with a f loa t ing  l i v e  box (Thomason and Jaenicke 1979). Between 17 May and 5 
July each sampl i.nq data consisted of three  1 -hour periods (2300-2400, 2400-01 00, 
and 01 00-0200 h) dnd one 21 -hour period (0200-2300 h )  . Since spa t i a l  di s t r i  - 
bution of smolts across the width of the  r i ve r  was not known, three  locations 
were f ished a t  the  sampling s i t e :  one in mid-river and one near each r i ve r  
bank (Figure 1 ) .  A s ing le  location was f ished during each period of a sampling 
day. The actual sampling schedule was determined pr io r  t o  the f i e l d  season by 
randomly assigning one of s i x  combinations of location and period t o  each 
sampling day (Table 1 ) .  The fyke net  was f ished f o r  6 minutes a t  the assigned 
location during each of the l-hour sampling periods. The net  was f ished con- 
tinuously a t  the  assigned location during the 21-hour sampling period. One 
6-minute sampling period was missed on 11 June. Four 21-hour sampling periods 
(17, 19, 20, and 21 May) were not f ished continuously due t o  accumulation of 
debris w i t h i n  the  net .  Between 17 and 25 May smolt migration during 0200-0300 
h was estimated from a 6-minute f i shing period s ince  migration was too heavy t o  
allow continuous f ishing.  On 16 May and a f t e r  5 July a fyke net  was f ished 
continuously a t  s i t e  3. Catches made between 17 May and 5 July were used t o  
estimate actual number of migrating smolt. Catches made before and a f t e r  these 
dates were used only as migration indices .  No sampling was done on 4 July.  

Upon completion of each fyke net sampling period a l l  smolt were removed from 
the l i v e  box, transported t o  shore i n  buckets, counted, and placed in a holding 
pen. Toward the end of each sampling day a random sample of 20 smolts was 
taken from the  pen, anesthetized with t r i c a ine  methanesulfonate, measured fo r  
fork length ,  weighed ( a f t e r  b lo t t ing  d ry) ,  and used f o r  sca le  smears. On days 
when the  to ta l  catch was l e s s  than 20 smolts, a l l  smolts in the pen were sampled. 
All smolts were returned t o  Snake River, below the fyke net  f i shing s i t e ,  pr ior  
t o  the s t a r t  of each new sampling day. 

Total smolt migration from 17 May un t i l  5 July was estimated using the  following 
formula : 

r T = 1/w (60/p 1 2 n + -  n 4 j  ) '  where 
i=1 j=1 i j  j=1 

T = to ta l  number of smolts leaving lake during sampling season, 

w = proportion of t o t a l  r i v e r  width covered by fyke net  = 0.049, 

p = number of minutes f ished during an hourly sampling period = 6 ,  

d = number of days i n  sampling season = 48, and 

n i j  = number of smol t s  captured on the j t h  day during the i t h  sampling 
period. 



Table 1. Combinations of daily fyke net fishing locations and sampling 
times which were randomly assigned to sampling days during 
sockeye salnon smolt migration studies at Snake River, Alaska, 
17 May to 6 July 1979. 

Combination 

Number 

Location 

1 2 3  

Time 

(hr) 



The 95% confidence interval  f o r  the t o t a l  smolt migration est imate was calculated 
by f i r s t  computing a variance estimate f o r  t o t a l  smolt migration: 

where : 

V(T) = variance est imate f o r  t o t a l  smol t migration, and 

v [ n i ]  = variance estimate f o r  mean smol t catch during the i t h  period; 

then using t h i s  est imate i n  the following formula: 

95% CI = T f t \ / ' v ( T ) ,  where: 
.05 [d-l] 

= Student ' s  value of t a t  the .05 level f o r  [d-l]  degrees of 
t - 05  Cd-11 freedom 

Data from 11 June, when a 6-minute sampling period was missed, was omitted from 
above calcula t ions .  

Smolt sca les  were mounted on glass  microscope s l i de s  i n  the  f i e l d  and l a t e r  
viewed under a microfiche reader. Scale pat terns  were in terpre ted using c r i t e r i a  
developed by Thomason (1979) f o r  Snake River sockeye salmon smolts. To estimate 
age composition, mean length, and mean weight of the t o t a l  smolt migration, the 
sampling season was divided in to  s i x  periods of 8 days duration. Age composi- 
t ion by period was estimated from sca le  samples. These values were then multi- 
pl ied by the  t o t a l  smolt migration est imates f o r  corresponding periods t o  obtain 
the estimated number of each age c lass  present by period. A seasonal t o t a l  f o r  
each age c lass  was obtained by adding a l l  8-day period t o t a l s .  Mean length and 
weight f o r  age c lass  by period were calculated i n  a s imi lar  manner, and weighted. 

On 11 and 25 October, surveys were conducted from the head of Snake River t o  
about 3 km downstream t o  determine whether su i t ab le  s i t e s  were avai lable  f o r  
placement of an acoustic smolt counter. Requirements f o r  an acceptable s i t e  
were: ( 1  ) r i ve r  depths between 1 .5  m and 4.0 m ;  ( 2 )  r i ve r  section f r e e  of 
entrained a i r ;  ( 3 )  water velocity between 1.0 and 10.0 fps ;  and (4 )  a r i ve r  area 
in which smolt tend t o  school when migrating seaward ( s ince  biomass, ra ther  than 
individual smol t s ,  i s  counted by the u n i t ) .  The following measurements were 
taken a t  potential  s i t e s :  r i ve r  width, r i ve r  depth a t  3 m in te rva l s  across the  
r i ve r ,  and water veloci ty  ( a t  mid-channel and 3 m from each shore) .  All measure- 
ments were made from a 5.5 m aluminum s k i f f  which was t i ed  t o  a rope stretched 
across the r i ve r .  Depth was measured with a sounding l i n e  and lead during the 
f i r s t  survey and a ca l ibra ted wooden pole during the second survey. Water veloc- 
i t y  was measured w i t h  a Teledyne Gurley meter. Both surveys were conducted during 
low t i d e  s tage  w i t h i n  Nushagak Bay. Since i t  was not known whether potential  
s i t e s  were affected by t i d e  s tage ,  a t h i rd  survey was planned during high t i d e  
stage.  Weather and i ce  conditions caused cancellat ion of t h i s  survey. 



RESULTS 

Climatological and Hydrological Observations 

Daily water temperatures recorded from Snake River near the  o u t l e t  of Lake 
Nunavaugaluk a r e  presented in Table 2. Maximum and minimum seasonal water 
temperatures were 14' C and 4' C ,  respectively.  All temperatures were recorded 
between 2300 and 0200 h .  

Outmigration Estimate 

No sockeye salmon smolts were caught i n  g i l l  nets  during 4-6 May when large  
amounts of lake i c e  were s t i l l  d r i f t i n g  down Snake River. Five Arctic char 
and one ninespine st ickleback (Pungitius pungitius) were caught in g i l l  nets  
a t  t h i s  time. No sockeye smolt remains were found i n  any char stomach. 

Sockeye salmon smolts were migrating from Lake Nunavaugaluk when fyke net  
sampling was attempted on 16 May. A t o t a l  of 2,534 smolts was caught in a fyke 
net f ished continuously a t  s i t e  3 from 2300 h ,  16 May, unt i l  0830 h ,  17 May. 
No lake i c e  was d r i f t i ng  down Snake River a t  t h i s  time and the south end of 
Lake Nunavaugaluk was ice-free.  Fyke net  sampling t o  estimate the t o t a l  number 
of smolts migrating seaward, therefore ,  began 17 May. 

An estimated t o t a l  of 1,280,571 sockeye salmon smol t s  (95% CI : 91 8,505; 1,642,637) 
migrated seaward between 17 May and 6 July (Table 3 ) .  Nearly 87% of the smolts 
migrated between 17 May and 2 June (Figure 2 ) .  Approximately 80% of the t o t a l  
smolt migration occurred between 2400-0200 h ,  t he  darkest hours of the  night 
(Table 4 ) .  Water temperature during peak smol t migration ranged from 4-5' C .  
Most smolts had migrated by the time water temperatures rose past 6' C (28 June).  
Less than 1% of the estimated smolt migration occurred between 27 June and 6 July.  
Index sampling between 6 July and 16 July yielded a t o t a l  of 80 smolts. 

Age-Weight-Length 

Ninety-two percent of the t o t a l  estimated migration consisted of Age I smolt. 
Peak migration of Age I1 smolts occurred e a r l i e r  than peak migration of Age I 
smolts (84% to t a l  Age I1 smolts migrated by 25 May; 87% to t a l  Age I smolts migrated 
by 2 June). No Age I I smol ts were captured a f t e r  27 June (Tab1 e 5) . 
Mean length and weight of both Age I and I1 srnolts decreased as the  season 
progressed unt i l  mid t o  l a t e  June when they s t a r t ed  t o  increase again (Table 6 ) .  
The seasonal mean length and weight of Age I smolts were 101 mm and 9.0 g, res- 
pectively.  The seasonal mean length and weight of Age I1 smol ts  were 131 mm 
and 19.5 g ,  respectively.  These were the  highest mean lengths and weights of 
smolts ever reported fo r  Snake River (Table 7 ) .  

Smol t production per spawning adul t  was 127 Age I smolts and 8 Age I1 smolts 
(based upon escapements of 9,304 adul ts  in 1977 and 12,728 adul ts  in 1976, res- 
pect ively) .  These f igures  represent minimum production est imates,  s ince  the 
smolt outmigration estimate did not encompass the  e n t i r e  outmigration period. 



Table 2 .  Surface water temperatures recorded from Snake River ,  near Lake 
Nunavaugaluk o u t l e t ,  during fyke ne t  sampling f o r  sockeye salmon 
smol t s  i n  1979. 

Date Temp. 
(OC 1 

Date Temp. 
(OC) 

Date 

May 1 6 / 1 7  4 .5  

1 7 / 1 8  4 . 5  

1 8 / 1 9  4 .5  

1 9 / 2 0  4 . 5  

2 0 / 2 1  4.0 

21 /22  4 .5  

2 2 / 2 3  4 .5  

23/24 4 . 5  

24/25 4 .5  

25 /26  4 .7  

26/27 R 

27/28 5 .0  

28/29 4 . 5  

29/30 4 .5  

3 0 / 3 1  4 .5  

3 1 / J m e  1 5 .0  

1 / 2  4 . 5  

2 /3  5 .5  

3 / 4  4 . 0  

4/5 5 .0  

5 /6  * 

Temp. 
(OC) 

June 6/7  6 . 5  

7 /8  7 . 0  

8/9 6 . 5  

9/10 *7/ 
1 0 / 1 1  5 .0  

1 1 / 1 2  6 . 0  

1 2 / 1 3  5 . 5  

1 3 / 1 4  5 . 5  

1 4 / 1 5  5 . 5  

1 5 / 1 6  6 .0  

1 6 / 1 7  5 . 5  

1 7 / 1 8  5 . 0  

1 8 / 1 9  5 . 0  

1 9 / 2 0  5.0 

2 0 / 2 1  5 . 0  

21/22 5 . 5  

2 2 / 2 3  6 . 0  

23/24 5 . 5  

2 4 / 2 5  5 . 0  

2  5 /2  6  * 

26/27  5 . 5  

June 27/28 

28/29 

29/30 

3 O / J u l y  1 

1 / 2  

2 /3  

3/4 

4 /5  

5/6 

6 /7  

7/8 

8/9 

9 /10 

1 0 / 1 1  

1 1 / 1 2  

1 2 / 1 3  

1 3 / 1 4  

1 4 / 1 5  

1 5 / 1 6  

1 6 / 1 7  

*1/ Denotes missing da t a .  





Table 3. Sockeye salmon smolt migrat ion es t imates  grouped by e i g h t  day time 
periods and age c l a s s ,  Snake River,  Alaska, 1979. 

Date 
Number 

Age I 
Number 
Age I1  

May 17/25 

May 25/June 2 

June 2/10 

June 10119 

June 19/27 

June 27/July 6 

Tota ls  1,182,977 



Table 4. Fyke net  catches of sockeye salmon smolts,  Snake River,  Alaska, 1979. 

Catch per time period 21 Daily 
Date CN 11 2300-2400 2400-01 00 01 00-0200 0200-2300 t o t a l  

May 17/18 1 

18/19 2 

19/20 5 

20/21 5 

21 /22 6 

22/23 5 

23/24 4 

24/25 2 

Total 

May 25/26 5 

26/27 3 

27/28 5 

28/29 1 

29/30 2 

30131 3 

31/June 1 5 

1 /2 6 

Total 

June 213 5 

314 1 

41 5 6 

516 4 



Table 4. Fyke ne t  catches of sockeye salmon smolts ,  Snake River,  Alaska, 1979 
(continued) . 

Catch per time period 2/ Daily 
Date CN - ' 1  2300-2400 2400-01 00 01 00-0200 0200-2300 t o t a l  

718 6 

8/9 3 

911 0 5 

Total 

June 10/11 4 

12/1 3 3 

13/14 2 

1411 5 6 

1511 6 3 

1611 7 2 

17/17 2 

18/19 5 

Total 

June 19/20 2 

20121 2 

21 122 5 

22/23 2 

23/24 6 

24/25 6 

25/26 2 

26/27 2 

To t a  1 



Table 4 .  Fyke ne t  catches of sockeye salmon smol ts ,  Snake River,  Alaska, 1979 
(cont inued) .  

Date 
2 / Catch per time period - Daily 

CN - '1 2300-2400 2400-01 00 01 00-0200 0200-0300 t o t a l  

June 27/28 6 

281 29 4 

29/30 2 

3O/July 1 3 

11 2 2 

21 3 3 

31 4 4 

51 6 2 

Total 

1/ Combination number: s p e c i f i c  fyke ne t  l oca t ions  f i shed ,  per Table 1 .  - 

21 Catches shown a r e  hourly es t imates  based upon 6 minutes of  sampling per - 
hour. 



Table 5. Age of sockeye salmon smolts a s  determined from s c a l e  samples grouped 
by 8-day time periods from Snake River, Alaska, 1979. 

Sampl e Percent Percent 
Date s i z e  Age I Age I1 

May 17/25 160 86 14 

May 25/June 2 160 

June 2/10 147 

June 10/19 121 

June 19/27 112 

June 27/July 6 72 

Total 772 
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Tab le  7. Mean l e n g t h s  and w e i g h t s  o f  sockeye salmon smo l t s  f r o m  Snake R i v e r ,  
Alaska,  1973-1979. 

Age I Age I1  
Fork  Weight  Fork  Weight  

1 / 
1 eng th  ( 9 )  1 eng th  

Year - 
( 9 )  

(mm) (mm) 

1 1  Data f o r  1973-1978 f r o m  Thomason and Jaen icke  (1979) .  - 



Sonar S i t e  I n v e s t i a a t i o n s  

Two s i t e s  p o t e n i i a l l y  s u i t a b l e  f o r  acous t i c  smolt counter  opera t ion  were found 
about 3 km downstream from the  lake  o u t l e t .  On 11 October, both s i t e s  had 
marginal ly  acceptab le  water  depths f o r  opera t ing  unmodified smolt counters ,  
which requi red  depths of a t  l e a s t  1 .5  m .  On 25 October, only s i t e  I1  had 
acceptab le  depths.  Water d i scharge  a t  t h e  lake  o u t l e t  was s i m i l a r  on 11 October 
(1404 c f s )  t o  t h e  May and June averages (1,466 and 1,065 c f s ,  r e spec t ive ly )  when 
smol t s  could be migrat ing (U.S. Geological Survey, unpubl ished d a t a ) .  Mean water  
v e l o c i t y  a t  both s i t e s  during both surveys was 3.9 f p s .  I t  may be poss ib l e  t o  
l o c a t e  t h e  sonar  s i t e  c l o s e r  t o  t h e  head of Snake River a s  a c o u s t i c  counters  
can be modified t o  po in t  downriver a t  an angle  of  20" allowing opera t ion  i n  
water  depths of only 0 .9  m (A1 Menin, Bendix Corporat ion,  personal communication). 

DISCUSSION 

Seasonal and die1 timing of sockeye salmon smolt migrat ion from Lake Nunavaugaluk 
during 1979 was s i m i l a r  t o  p a t t e r n s  repor ted  f o r  t h i s  system i n  p a s t  yea r s  
(Thomason and Jaenicke 1979). However i t  d id  not  appear t h a t  smol ts  migrated 
p r i o r  t o  lake  i c e  breakup o r  while i c e  was s t i l l  d r i f t i n g  down Snake River,  a s  
was pos tu la ted  by Thomason and Jaenicke (1979).  Smolts probably leave  t h e  l ake  
a s  soon a s  t h e  south end i s  i c e - f r e e .  Once migrat ion begins i t  i s  rap id  and of  
s h o r t  du ra t ion ;  a t yp ica l  p a t t e r n  f o r  smolt migrat ion i n  s i n g l e  l ake  systems 
(Hartman, Heard, and Drucker 1967).  This  makes i t  imperat ive t o  have personnel 
a v a i l a b l e  t o  remain on s i t e  during l a k e  i c e  breakup so  t h a t  sampling can begin 
a s  soon a s  condi t ions  al low.  

Lake Nunavaugaluk sockeye salmon smolts  appear t o  be t h e  l a r g e s t  produced by any 
system wi th in  Nushagak Bay (Thomason and Jaenicke 1979).  Large smol t s i z e ,  pre- 
dominance of Age I smolts  and high smolt production a11 i n d i c a t e  t h a t  condi t ions  
wi th in  Lake Nunavaugal u k  have been favorable  f o r  r ea r ing  juveni 1 e s  r e s u l t i n g  
from a d u l t  escapements of about 10,000 sockeye salmon. However optimum car ry ing  
capac i ty  of  t h e  l a k e  f o r  sockeye salmon juven i l e s  i s  not  known. I t  w i l l  be 
important t o  cont inue t o  monitor s i z e ,  age,  and production of smolts  migrat ing 
from t h e  l a k e  a s  e f f o r t s  t o  i nc rease  a d u l t  escapement and in t roduce  add i t i ona l  
f r y  t o  t he  system from East Creek Hatchery cont inue.  Large increases  i n  t h e  
number of r ea r ing  sockeye salmon juven i l e s  could r e s u l t  i n  decreased smolt s i z e ,  
increased l ake  res idence  time p r i o r  t o  s m o l t i f i c a t i o n ,  and lowered smolt produc- 
t i o n .  

I t  was hoped t h a t  t h e  present  fyke n e t  sampling scheme would provide a reasonable,  
unbiased e s t ima te  of t o t a l  number of sockeye salmon smolts migrat ing seaward 
from Lake Nunavaugal u k .  Sampl ing periods were s t r a t i f i e d  according t o  known 
temporal d i s t r i b u t i o n  of smolts t o  provide more p rec i se  information about t h e  
smolt populat ion and t o  decrease t h e  v a r i a b i l i t y  of t h e  e s t ima te .  Sampling 
loca t ion  was randomized s i n c e  ac tua l  s p a t i a l  d i s t r i b u t i o n  of smolt across  t h e  
r i v e r  width was unknown. However, smolt migrat ion e s t ima te s  der ived from fyke 
n e t  ca tches  must s t i l l  be viewed with cau t ion .  Fishing e f f i c i e n c y  of t he  fyke 
ne t s  used should be determined. Use of 6-minute f i s h i n g  periods t o  e s t ima te  
ac tua l  ca tches  during a 1-hour f i s h i n g  period must be evaluated e a r l y  i n  t h e  
season when l a r g e  numbers of  smolts  migrate  and l a t e  i n  t h e  season when few smolts  
migrate .  Also methods used t o  c a l c u l a t e  var iance  and confidence i n t e r v a l s  of t h e  



total  migration estimate should be re-examined to determine whether necessary 
s t a t i s t i ca l  assumptions were sa t i s f ied .  Use of acoustic smolt counters would 
solve some of the problems associated with fyke net sampling since a greater 
proportion of r iver  width could be monitored during sampling periods, fewer 
smolts would be subjected t o  s t ress  from capture in fyke nets and, i f  necessary, 
counters could be operated while ice was s t i l l  present a t  the south end of the 
lake. 
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